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Description 

[0001] This invention relates to techniques lor gel 
electrophoresis. More particularly this invention relates 
to a novel system for gel electrophoresis at approxi- 
mately neutral pH. 



Background Of the Invention 

[0002] Gel electrophoresis is a common procedure for 
the separation of biological molecules, such as DNA, 
RNA, polypeptides and proteins. In gel electrophoresis, 
the molecules are separated into bands according to the 
rate at which an imposed electric field causes them to 
migrate through a filtering gel. 

[0003] The basic apparatus used in this technique 
consists of a gel enclosed in a glass tube or sandwiched 
as a slab between glass or plastic plates. The gel has 
an open molecular network structure, defining pores 
which are saturated with an electrically conductive buff- 
ered solution of a salt. These pores through the gel are 
large enough to admit passage of the migrating macro- 
molecules. 

[0004] Tho gel is placed in a chamber in contact wilh 
buffer solutions which make electrical contact between 
the gel and the cathode or anode of an electrical power 
supply A sample containing the macromolecules and a 
tracking dye is placed on top of the gel. An electric po- 
tential is applied to the gel causing the sample macro- 
molecules and tracking dye to migrate toward the bot- 
tom of the gel. The electrophoresis is halted just before 
the tracking dye reaches the end of the gel. The loca- 
tions of the bands of separated macromolecules are 
then determined. By comparing the distance moved by 
particular bands in comparison to the tracking dye and 
macromolecules of known mobility, the mobility of other 
macromolecules can be determined. The size of the 
macromolecule can then be calculated. 
[0005] The rate of migration of macromolecules 
through the gel depends upon three principle factors: 
the porosity of the gel; the size and shape of the mac- 
romolecule; and the charge density of the macromole- 
cule. It is critical to an effective electrophoresis system 
that these three factors be precisely controlled and re- 
producible from gel to gel and from sample to sample. 
However, maintaining uniformity between gels is difficult 
because each of these factors is sensitive to many var- 
iables in the chemistry of the gel system. 
[0006] Polyacrylamide gels are commonly used for 
electrophoresis. Polyacrylamide gel electrophoresis or 
PAGE is popular because the gels are optically trans- 
parent, electrically neutral and can be made with a range 
of pore sizes. The porosity of a polyacrylamide gel is in 
part defined by the total percentage of acrylamide mon- 
omer plus crosslinker monomer ("%T") it contains The 
greater the concentration, the less space there is be- 
tween strands of the polyacrylamide matrix and hence 
the smaller the pores through the gel An 8% polyacry- 



lamide gel has larger pores than a 1 2% polyacrylamide 
gel. An 8% polyacrylamide gel consequently permits 
faster migration of macromolecules with a given shape, 
size and charge density. When smaller macromolecules 
5 are to be separated, it is generally preferable to use a 
gel with a smalletpore sue such as a 20% get, Con- 



with elargerporfr size is ofteirused, such as an 8% gel. 
[0007] Pore size is also dependent upon the amount 

10 of crosslinker used to polymerize the gel. At any given 
total monomer concentration, the minimum pore size for 
a polyacrylamide gel is obtained when the ratio of total 
monomer to crosslinker is about 20: 1 , (the usual expres- 
sion for this ratio would be "5%C"). 

'5 [0008] Several factors may cause undesirable varia- 
tion in the pore size of gels. Pore size can be increased 
by incomplete gel polymerization during manufacture. 
Hydrolysis of the polyacrylamide after polymerization 
can create fixed negative charges and break down the 

20 crosslinks in the gel, which will degrade the separation 
and increase the pore size. An ideal gel system should 
have a reproducible pore size and no fixed charge (or 
at least a constant amount) and should be resistant to 
change in chemicai characteristics or the pore size due 

25 to hydrolysis 

[0009] The size of the macromolecule varies between 
different macromolecules; the smaller and more com- 
pact the macromolecule the easier it will be for the mac- 
romolecule to move through the pores of a given gel. 

30 Given a constant charge density, the rate of migration 
of a macromolecule is inversely proportional to the log- 
arithm of its size. 

[0010] For accurate and reproducible electrophore- 
sis, a given type of macromolecule should preferably 

55 take on a single form in the gel. One difficulty with main- 
taining uniformity of the shape of proteins during gel 
electrophoreses is that disulfide bonds can be formed 
by oxidation of pairs of cysteine amino acids. Different 
oxidized forms of the protein then have different shapes 

40 and, therefore, migrate through the gel run with slightly 
different mobilities (usually faster than a completely re- 
duced protein, since the maximum stokes radius and 
minimum mobility should occur with a completely un- 
folded form). A heterogeneous mixture of forms leads 

4S to apparent band broadening. In order to prevent the for- 
mation of disulfide bonds, a reducing agent such as 
dithiothreitol (DTT) is usually added to the samples to 
be run. 

[0011] The charge density of the migrating molecule 
50 is the third factor affecting its rate of migration through 
the gel - the higher the charge density, the more force 
will be imposed by the electric field upon the macromol- 
ecule and the faster the migration rate subject to the lim- 
its of size and shape In SDS-PAGE electrophoresis the 
55 charge density of the macromolecules is controlled by 
adding sodium dodecyl sulfate ("SDS") to the system. 
SDS molecules associate with the macromolecules and 
impart a uniform charge density to them substantially 
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negating the effects of any innate molecular charge. 
[0012] SDS PAGE gels are usually poured and run at 
basic pH. The most common PAGE buffer system em- 
ployed for the separation of proteins is that developed 
by Ornstein (1) and modified for use with SDS by Lae- 

>1L(P) lafimmli, II K (1970) NatuK^ 227^6BCU686^- 
T he La emmli b uff er s yst i 



Summary of the Invention 

[001 9] It is an object of this invention to produce a neu- 
tral gel system that reduces protein reaction with unpo- 
s lymerized acrylamide thereby enhancing yield and res- 
olutioo, 



i t s o f 0.375 M T ri s (tiis- 

(hydfoxy-methyf)~amino-methane)7 titfateehte-pl-^8.&. 

with HCI, in the separating gel. The stacking gel consists 
of 0.125 M Tris, titrated to pH 6.8. The anode and cath- 
ode running buffers contain 0.024 M Tris, 0.192 M gly- 
cine, 0.1% SDS. An alternative buffer system is dis- 
closed by Schaegger and von Jagow. Schagger, H. and 
von Jagow, G., Anal. Biochem. 19S7. 166, 368-379. The 
stacking gel contains 0.75 M Tris, titrated to pH 8.45 with 
HCI. The separating gel contains 0.9 M Tris, titrated to 
pH 8.45 with HCI. The cathode buffer contains 0.1 M 
Tris, 0. 1 M Tricine, 0. 1 % SDS. The anode buffer contains 
0.2 M Tris, titrated to pH 8.9 with HCI. For both of these 
systems Tris is the "common ion* which is present in the 
gel and in the anode and cathode buffers. 
[0013] In the Laemmli system, the pH of the trailing 
phase in the stacking gel is about 8.9. In the separating 
gel, the trailing phase pH is about 9.7. At this pH, primary 
amino groups of proteins react readily with unpolymer- 
ized acrylamide, thiol groups are more subject to oxida- 
tion to disulfides, or reaction with unpolymerized poly- 
acrylamide, than at neutral pH and acrylamide itself is 
subject to hydrolysis. 

[0014] The need for uniformity and predictability is 
magnified in precast electrophoresis gels which are 
manufactured by an outside vendor and then shipped 
to the laboratory where the electrophoresis will be per- 
formed. Precast gels must control the properties dis- 
cussed above and they must be able to maintain this 
control throughout shipping and storage. The shelf life 
of many precast gels is limited by the potential for hy- 
drolysis of acrylamide during storage at the high pH of 
the gel buffer. 

[0015] It is a disadvantage of a high pH gel that the 
polyacrylamide gel is subject to degradation by hydrol- 
ysis and has a limited shelf-life. 
[0016] It is a further disadvantage ofahighpH gelthat 
proteins react readily with unpolymerized acrylamide 
which may interfere with subsequent analysis of the pro- 
tein such as peptide sequencing. 
[0017] It is a still further disadvantage of a high pH gel 
that thiol groups are subject to oxidation to disulfides 
causing a decreased resolution of separated macromol- 
ecules. 

[001 8] In US-A-4,48 1 ,094 the use of a polyacrylamide 
gel having a pH of about 6 4 to 7.3 and an electrolyte 
buffer having a pH of about 8.0 to 1 0.0 for electrophore- 
sis is disclosed. !n EP-A-0,566,784 a polyacrylamide gel 
and an electrolyte solution containing an amine of a spe- 
cific pKa value, an ampholyte and an acid at a specific 
ratio are used for electrophoresis. 



[0020] — It i s a f u r th e i obj e ct uf t l li s ii i vu n liui i tu p i uduce 

aneutrafgel system that prevents formation of disulfides 

from free thiol groups thereby enhancing yield and res- 
10 olution. 

[0021] It is a still further object of this invention to pro- 
duce a neutral gel system that reduces degradation of 
the polyacrylamide gel by hydrolysis thereby increasing 
the useful shelf-life of a precast gel. 

is [0022] In accordance with this invention, applicants 
describe a gel and buffer system wherein separation oc- 
curs at neutral pH and proteins remain completely re- 
duced. The above and other objects and advantages of 
the present invention will be apparent upon considera- 

20 tion of the following detailed description. 

Detailed Description Of The Invention 

[0C23] Applicants describe a gei and buffer system 
2S wherein separation occurs at neutral pH and proteins 
remain completely reduced. Advantageously, at this 
neutral pH, primary amino groups of proteins react less 
readily with unpolymerized acrylamide because proto- 
nation of protein amino groups greatly reduces their re- 
30 activity to acrylamide or other related blocking agents. 
Furthermore, at this neutral pH, thiol groups are less 
subject to oxidation than at higher pH and polyacryla- 
mide itself is less subject to hydrolysis. 
[0024] The result is a gel system with improved sta- 
35 bility of the gel matrix and stock solutions. Gels prepared 
according to this system can be stored under refrigera- 
tion for over a year without loss of performance due to 
acrylamide hydrolysis. Also, stock buffers without re- 
ducing agents and stock gel solutions without polymer- 
ic ization initiator can be stored for at least several weeks 
at room temperature with no loss of performance An 
additional benefit is that a single gel recipe, using the 
same buffer for the stacking and separating gels, can 
be used with two different running buffers to give two 
45 separation systems. Using this feature, an 8% gel, for 
example, can cover a protein separation range of 2 to 
200 kDa. 

[0025] In one embodiment of this invention a polyacr- 
ylamide gel of between about 3% and about 25% (%T) 

50 acrylamide is polymerized using from about 1 % to about 
6% crosslinker (%C) using a gel buffer comprising a pri- 
mary organic amine or substituted amine with a pK a 
near neutrality, titrated with approximately half as much 
HCI (on a molar basis), so that the pH of the buffer is 

ss approximately neutral. In a preferred embodiment the 
gel is polymerized using from about 2% to about 5% 
crosslinker (%C) using a gel buffer comprising Bis-Tris 
[Bis-(2-hydroxyethyl) iminotris (hydroxymethyl) meth- 
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ane] titrated with HCI. Different separation characteris- 
tics can be obtained by running the gel with either a 
MOPS (3-IN-Morpholino] propanesulfonic acid) or MES 
(2-(N-Morpholino) ethanesutfonic acid), buffer. 2mM to 
10 mM TGA or 2mM to 10mM sodium bisulfite is added 5 

— to th« runningtwff er to maintain a reducing environment 

— ii i t l i b ge l d u i i i i g e l a u t r npf i o i os i s. T hi s a n d ot h e r embod- 

- Hments carrbmrnderstood^byTeferencetothetotlowing — 
illustrative and comparative examples. 

w 

Examples 

[0026] Bis-Tris, MES, and MOPS were purchased 
from Sigma (St. Louis, MO) or Research Organics 
(Cleveland, Ohio). Thioglycolic acid (TGA), DTT and is 
mercaptoethanol (BME) were from Sigma. All other 
chemicals were reagent, "ultra pure" or "electrophoresis 
grade" from standard sources. Gels were cast in 1 mm 
thickness mini-gel cassettes from Novex (San Diego 
CA) and run in a Novex minicell. 20 
[0027] The Bis-Tris separating gel and stacking gels 
were prepared from a 30%T/2.5%C acrylamide/BIS 
stock solution and a 7X Bis-Tris stock solution (2.5M 
Bis-Tris, 1.5M HCi, phi 6.5). To prepare ihe separating 
gel, the stock solutions were blended with ultra pure wa- 2s 
ter to a final concentration 8%T, 0.357M Bis-Tris, to 
which was added 0.2 ul/ml N,NJ,N',N'-tetra-methyl-eth- 
ylene-diamine (TEMED). After degassing, 2.0ul/ml of a 
10% solution of APS was added, the gel was immedi- 
ately poured into the cassette then overlaid with water. 30 
Polymerization was allowed to proceed for at least 30 
minutes at room temperature, the water was removed 
and a 4% stacking gel applied. The stacking gel was 
prepared in the same fashbn as the separating gel, ex- 
cept that the final concentration obtained was 4%T, 35 
termed concentration was increased to 0.4ul/ml and the 
APS increased to 5.0ul/ml. 

[0028] MOPS running buffer consisted of 50mM 
MOPS, 50mM Bis-Tris (or TRIS), 0.1% SDS, 1mM ED- 
TA. MES running buffer consisted of 50mM MES, 50mM 40 
Bis-Tris (or TRIS), 0.1% SDS, 1mM EDTA. Sample buff- 
er (2X) consisted of 0.25M Bis-Tris, 0. 1 5M HCI, 1 0% (w/ 
v) Glycerol, 2% SDS, ImM EDTA, 0.03% Serva Blue G, 
and 200mM DTT. Samples containing a set of protein 
standards were heated for 1 5 min at 70 degrees before 4S 
application. Bovine serum albumin (BSA), chicken egg 
ovalbumin, alkylated insulin A and B chain, soybean 
trypsin inhibitor, and bovine erythrocyte carbonic anhy- 
drase were included in the standard. Sample volume 
was 5ul in all cases. so 

Example 1 



remaining in the stack along with the tracking dye. The 
BSA band was somewhat diffuse and shifted toward the 
anode. The Ovalbumin band was also somewhat dif- 



Example 2 



[0029] The protein standards were separated on an 
8% Bis-Tris gel with MOPS running buffer in the ab- ss Example 6 
sence of a reducing agent. The resulting separation pat- 
tern was very similar to that obtained on an 8% TRIS/ 
glycine gel (Laemmli), with proteins 20,000 and smaller 



[0030]- The protein standardsTvere^ separated orr an 
8% Bis-Tris gel with MOPS running buffer in the pres- 
ence of TGA in the cathode buffer. Again, the separation 
pattern was very similar to that obtained on an 8% TRIS/ 
glycine (Laemmli) gel, with proteins 20,000 and smaller 
remaining in the stack along with the tracking dye. The 
presence of the reducing agent, 5mM TGA, in the cath- 
ode buffer provided for better resolution of the proteins 
BSA and Ovalbumin compared to the gel run without 
TGA. 

Example 3 

[0031] The protein standards were separated on an 
8% Bis-Tris gel with MOPS running buffer in the pres- 
ence of sodium bisulfite in the cathode buffer. Again, the 
separation pattern was very similar to that obtained on 
an 8% TRIS/glycine (Laemmli) gel, with proteins 20,000 
and smaller remaining in the stack along with the track- 
ing dye. The presence of the reducing agent, 5mM so- 
dium bisulfite, in the cathode buffer provided for better 
resolution of the proteins BSA and Ovalbumin com- 
pared to the gel run without sodium bisulfite. 

Example 4 

[0032] The protein standards were spearated on an 
8% Bis-Tris gel with MES running buffer in the absence 
of a reducing agent The protein separation was very 
similar to that obtained from a 12% TRIS/tricine 
(Schaegger) gel. All proteins were resolved from the 
stack including insulin A and B chain (3500 and 2500 
daltons, respectively). When the gel is run without TGA, 
soybean trypsin inhibitor had a more prominent doublet. 

Example 5 

[0033] The protein standards were separated on an 
8% Bis-Tris/CI gel with Bis-Tris/MES running buffer in 
the presence of TGA in the cathode buffer. Again, all 
proteins were resolved from the stack including insulin 
A and B chain (3500 and 2500 daltons, respectively). 
The presence of the reducing agent, 5mM TGA, in the 
cathode buffer provided for better resolution of the pro- 
tein soybean trypsin inhibitor. Carbonic anhydrase ran 
as a tight, sharp band under all conditions tested. 



[0034] The protein standards were separated on ar 
8% Bis-Tris/CI gel with Bis-Tris/MES running buffer ir 
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the presence of sodium bisulfite in the cathode buffer. 
Again, all proteins were resolved from the stack includ- 
ing insulin A and B chain (3500 and 2500 daltons, re- 
spectively). The presence of the reducing agent, 5mM 
sodium bisulfite, in the cathode buffer provided for better 5 

resokition-of-ths proteio soybean trypsin inhibitor. Car 

bunk; anhyiliase ran as a tight, s h a r p ba n d und er a lt 

conditions tested. 

[0035] Although MES and MOPS were selected as 
desirable running buffers because the resulting system '0 
has separation characteristics similar to the commonly 
used Laemmli and Schaegger gel systems, it was found 
that a range of buffers are suitable for use in this system. 
Among the additional buffers giving good results were 
ACES ([N-(2-Acetomido)]-2-aminoethanesulfonic acid, '5 
MOPSO (2-[N-Morpholino]-2-hydroxypropanesulfonic 
acid, TES (N-Tris-(hydroxymethyl)-2-ethanesulfonic ac- 
id, BES (N,N-BIS-(Hydroxyethyl)-2-aminoethanesul- 
fonic acid, HEPES (N-2-Hydroxyethyl-piperazine-n- 
2-ethanesuifonic acid), TAPSO (3-(N-tris-(Hydroxyme- 20 
thyl) methylamino)-2-hydroxypropanesulfonic acid. 
[0036] All the proteins that exhibit some band broad- 
ening and/or mobility shifts when run in the absence of 
TGA or sodium bisulfite, have in common a composition 
that includes multiple cysteines (BSA, for instance, has 25 
35 cysteines). On the other hand carbonic anhydrase, 
which always runs cleanly, has no cysteines. Moreover, 
if the reduced proteins are alkylated before running, they 
run as sharp homogeneous bands even in the absence 
of a reducing agent 30 
[0037] Cysteine-containing proteins appear to give 
generally sharper bands in the Laemmli system than the 
neutral system, when both are run with 100mM mercap- 
toethanol or DTT in the sample buffer but without TGA 
in the running buffer. Since thiol oxidation is more fa- 35 
vored as thepH increases, it would be expected that the 
higher pH of the Laemmli system would cause oxidation 
of disulfide to be at least as pronounced as it is in the 
neutral pH system However, DTT and similar "neutral" 
thiol reducing agents are weak acids (with pKa's around 40 
pH 8-9). Thus, at basic pH, these reducing agents mi- 
grate into the gel and, if present at sufficient concentra- 
tion, provide some protection against oxidation of sulf- 
hydryls. At a neutral separating pH, DTT from the sam- 
ple buffer is in an uncharged form and will remain behind 45 
in the sample well. Thus, no reducing agent migrates 
into the gel. 

[0038] To maintain proteins in a reduced form during 
electrophoresis at neutral pH, it was found advanta- 
geous to use a reducing agent that would migrate into so 
the gel at neutral pH. Sodium Bisulfite (2-1 OmM) was 
found to maintain a reducing environment in the gel dur- 
ing electrophoresis. Fully reduced TGA (or similar neg- 
atively charged thiols) give similar results at comparable 
concentrations. However, partially oxidized TGA will ss 
promote partial oxidation of protein thiols. Because re- 
duction (oxidation) of protein thiols will take place via 
disulfide interchange, the ratio of reduced to oxidized 



thiols in the protein will substantially reflect the ratio of 
reduced to oxidized thiols in the TGA. Conversely, sulfite 
oxidizes to sulfate, which does not participate in redox 
reactions under conditions found in the gel. Therefore, 
regardless of the sulfite/sulfate ratio in a partially oxi- 
dtzeef preparation-ef^ sulfite; as^engassuffieient sulfite — 
lemains, pr ote i ns w ill be p r otected aga i ns t th i o l ox l da- 

tton. 

[0039] It was also found that TRIS could be substitut- 
ed for Bis-Tris in the running buffer with no visible effect 
on the separation quality. Bis-Tris may be preferred 
where the protein will be intentionally modified post-sep- 
aration. Bis-Tris is a tertiary amine and will not interfere 
with the protein modifying agents which react through 
primary amines. TRIS, however is the preferred choice 
for routine use, because it is available at significantly 
lower cost than Bis-Tris. 

[0040] While the invention has been explained in re- 
lation to its preferred embodiments, it is to be under- 
stood that various modifications thereof will become ap- 
parent to those skilled in the art. The foregoing disclo- 
sure is not intended or to be construed to limit the 
present invention, or to otherwise exclude any such oth- 
er embodiments, adaptions, variations and equivalent 
arrangements, the present invention being limited only 
by the claims appended hereto and the equivalents 
thereof. 



Claims 

1. A system for gel electrophoresis comprising: 

a polyacrylamide gel having two ends; said gel 
being saturated with a gel buffer solution; 
one end of the gel being in contact with an an- 
ode buffer solution; 

the other end of the gel being in contact with a 
cathode buffer solution, 
said gel buffer solution comprising a monova- 
lent organic amine or substituted amine with a 
pK a near neutrality, titrated with hydrochloric 
acid (HCI) to a pH of between about pH 6 and 
about pH 7; said cathode buffer comprising a 
solution of a zwitterionic buffer selected from 
the group of 3-(N-morpholino)-propanesulfonic 
acid (MOPS), 2-(N-morpholino)-ethanesulfonic 
acid (MES), N-(2-acetamido)-2-ami- 
noethanesulfonic acid (ACES), 2-(N-mor- 
pholino)-2-hydroxypropanesuifonic acid 
(MOPSO), N-tris- (hydroxymethyl) 
-2-ethanesulfonic acid (TES), N-2-hydroxye- 
thyl-piperazine-N-2-ethanesulfonic acid 
(HEPES), or 3-(N-tris-(hydroxymethyl)methyl- 
amino)-2-hydroxypropanesulfonic acid (TAP- 
SO), titrated to a pH of about 7 with sodium hy- 
droxide or an organic base. 
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5. Systeme de la revendication 1 ou 2, dans lequel la 
solution de tampon de cathode comprend de I'acide 
thioglycolique (TGA). 

6. Systeme de I'une quelconque des revendications 1 s 
a 5, dans loquel le tampon d'anode comprend du 

tri a ( h y drox y me thyOa mino - meth an e {T mSf. 

7. Systeme selon I'une quelconque des revendica- 
tions 1 a 6, dans lequel le gel de polyacrylamide est io 
precoule 
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